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(57) ABSTRACT 

A pressure-actuated shaft seal assembly and associated 
method for controlling the flow of fluid adjacent a rotatable 
shaft are provided. The seal assembly includes one or more 
seal members that can be adjusted between open and closed 
positions, for example, according to the rotational speed of 
the shaft. For example, the seal member can be configured 
to be adjusted according to a radial pressure differential in a 
fluid that varies with the rotational speed of the shaft. In 
addition, in the closed position, each seal member can 
contact a rotatable member connected to the shaft to fonn a 
seal with the rotatable member and prevent fluid from 
flowing through the assembly. Thus, the seal can be closed 
at low speeds of operation and opened at high speeds of 
operation, thereby reducing the heat and wear in the seal 
assembly while maintaining a sufficient seal during all 
speeds of operation. 

34 Claims, 3 Drawing Sheets 
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SHAFT SEAL ASSEMBLY AND METHOD includes one or more seal members that can be adjusted 

between open and closed positions, for example, according 
FEDERALLY SPONSORED RESEARCH OR to the rotational speed of the shaft. Thus, the heat and wear 

DEVELOPMENT in the seal assembly can be minimized during high speed 


The invention described herein was made in the perfor- 
mance of work under NASA contract No. NAS8-01107 and 
is subject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958 (72 Stat. 435; 42 U.S.C. 
2457). 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 

This invention relates to seal assemblies and, in particular, 
to a pressure-actuated seal assembly for controlling the flow 
of a fluid along a shaft. 

2) Description of Related Art 

Various applications require the formation of a seal along 
a shaft or other rotatable member. For example, turbopumps 
that are used in rocket engines typically include a turbine 
and a pump that are connected by a shaft. The turbine is 
rotated by the flow of a fluid, thereby rotating the pump, 
which pumps another fluid. In some cases, it is desirable or 
necessary to separately maintain the fluids in the turbine and 
the pump. For example, leakage of a liquid from the pump 
can energetically react with fluid that is being used to rotate 
the turbine. 

One or more seals are provided between the turbine and 
pump to control the flow of fluids therebetween or to 
overboard drains located between the pump and turbine. 
However, due to the high rotational speed of the components 
of the turbopump, contact between the stationary seals and 
the rotating shaft can result in excessive wear of the seals as 
well as the generation of heat that can negatively affect the 
performance or safety of the turbopump. Thus, lift-off seals 
can be provided between the turbine and the pump, each 
lift-off seal being configured to adjust between open and 
closed positions. In the closed position, the lift-off seal is 
biased by a spring against a surface of the shaft. The spring 
can be overcome by a pressurized fluid, e.g., front the pump 
or from an external source, to move the lift-off seal away 
from the surface of the shaft to the open position. Thus, at 
low speeds of operation, when the pressure in the pump is 
low, the spring maintains the lift-off seal in the closed 
position to limit the flow of fluid from the pump. During 
higher speeds of operation, when the pressure in the pump 
is higher, the lift-off seal is adjusted to the open position. 
Typically, migration of the fluid from the pump is at least 
partially prevented during higher speeds of operation by a 
non-contacting sealing mechanism. For example, a slinger 
comiected to the shaft can define blades that extend radially 
outward therefrom to rotate the fluid at the pump side of the 
seal. The rotation of the fluid forces the fluid radially 
outward beyond the lift-off seal to prevent the fluid from 
leaking through the space opened between the lift-off seal 
and the shaft. 

While conventional seals do provide some degree of 
sealing between such components as the turbine and pump 
of a turbopump, there exists a need for an improved seal and 
method for controlling the flow of fluids along a shaft. In 
particular, the seal should maintain a high degree of sealing, 
while also limiting the heat and wear that results from 
contact between sealing members at high speed operation. 

SUMMARY OF THE INVENTION 

The present invention provides a pressure-actuated shaft 
seal assembly and associated method for controlling the flow 
of fluid adjacent a rotatable shaft. The seal assembly 


5 operation, while a sufficient seal is maintained during both 
low and high speed operation. 

According to one embodiment of the present invention, 
the seal assembly includes a first seal member that controls 
the flow of a fluid along the shaft in a direction between first 
10 and second fluid chambers. The first seal member extends 
circumferentially around the shaft so that the seal member 
and the shaft define a fluid passage therebetween. The seal 
member is adjustable in an axial direction between open and 
closed positions. In the open position, the seal member 
15 defines a space that fluidly connects the first fluid chamber 
to the passage. In the closed position, the seal member is 
configured to close the space to substantially seal the fluid 
passage and prevent the fluid from flowing from the first 
chamber of the assembly through the passage. For example, 
20 the first seal member in the closed position can be configured 
to axially contact a rotatable member comiected to the shaft 
to thereby close the space connecting the first fluid chamber 
to the passage. The seal member is received at least partially 
by a housing that extends circumferentially around the shaft 
25 and between the first and second fluid chambers. The 
housing defines third and fourth fluid chambers on opposite 
sides of a portion of the first seal member. The third and 
fourth chambers are fluidly connected to first and second 
fluid sources, respectively, so that the seal member can be 
30 adjusted axially between the open and closed positions by a 
pressure differential between the first and second fluid 
sources. A spring or other bias member can be configured to 
bias the first seal member to the closed position. 

According to one aspect of the invention, the fourth 
35 chamber is fluidly connected to the first fluid chamber and 
defined at least partially by a surface of the first seal member 
that is directed opposite the first chamber. Thus, fluid in the 
fourth chamber exerts a force to urge the seal member 
toward the first chamber. In addition, the third chamber can 
40 also be connected to the first chamber, with the third and 
fourth chambers connected to the first fluid chamber at 
dissimilar radial positions so that the pressure differential 
between the third and fourth chambers corresponds to a 
radial pressure gradient in the first fluid chamber. For 
45 example, a first port extending through the housing can 
connect the third chamber to the first chamber at a first radial 
position, and a second port extending through the seal 
member can fluidly comiect the fourth chamber to the first 
chamber at a second radial position that is radially inward 
50 relative to the first radial position. Further, a slinger in the 
first chamber can be comiected to the shaft and configured 
to rotate the fluid in the first chamber as the shaft rotates, 
thereby forming a radial pressure gradient in the first fluid 
chamber corresponding to a rotational speed of the shaft. 
55 According to another aspect of the invention, the seal 
assembly also includes a second seal member extending 
circumferentially around the rotatable shaft and proximate to 
the shaft to define a fluid passage between the second seal 
member and the shaft. For example, the second seal member 
60 can define a surface that is directed toward the shaft and at 
least partially defines the fluid passage, the surface being 
disposed proximate to the shaft so that the barrier fluid flows 
through the passage at a limited flow rate when the second 
seal member is in the open position. The second seal 
65 member has a first side directed toward the first seal member 
and an opposite second side directed toward a step surface 
extending generally radially outward from the shaft. The 
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second seal member is adjustable in an axial direction 
between open and closed positions so that in the open 
position the second side of the second seal member and the 
step surface define a space, and the second seal member in 
the closed position contacts the step surface to close the 5 
space. 

A barrier fluid passage is disposed at the second side of 
the second seal member and selectively fluidly connected to 
a source of pressurized barrier fluid to transmit the barrier 
fluid to the second seal member. Thus, the second seal to 
member can be adjusted to the open position by a pressure 
of the barrier fluid at the second side of the second seal 
member. For example, the second seal member can be 
adjusted in a direction toward the first seal member to the 
open position when the barrier fluid is provided to the 15 
second side of the second seal member at a predetermined 
minimum pressure. A spring or other bias member biases the 
second seal member toward the step surface so that the 
spring adjusts the second seal member to the closed position 
when the source of pressurized barrier fluid is disconnected 20 
from the barrier fluid passage. In the closed position, the 
space is closed so that the fluid passage between the second 
seal member and the shaft is substantially sealed to prevent 
fluid from flowing therethrough. The second seal member 
can be substantially rigid and configured to adjust between 25 
the open and closed positions without significant deforma- 
tion. In addition, the housing defines a drain disposed 
between the first and second seal members to receive fluid 
from the passages of the seal members. 

According to one method of the present invention, a first 30 
seal member is configured to be adjustable in an axial 
direction between open and closed positions. In the open 
position, the first seal member defines a space fluidly con- 
necting the first fluid chamber to a fluid passage extending 
between the first seal member and the shaft. In the closed 35 
position, the seal member closes the space to substantially 
seal the fluid passage and prevent the fluid from flowing 
from the first chamber of the assembly through the passage. 

For example, the first seal member can be axially adjusted 
against a rotatable member connected to the shaft to close 40 
the space connecting the first fluid chamber to the passage. 
Fluid is selectively provided to third and fourth chambers on 
opposite sides of a portion of the first seal member to thereby 
adjust the first seal member axially between the open and 
closed positions. For example, the fluid from the first fluid 45 
chamber can be provided to the fourth fluid chamber so that 
the fluid in the fourth chamber exerts a force to urge the seal 
member toward the first chamber. The fluid from the first 
fluid chamber can also be provided to the third fluid cham- 
ber, with the fluid flowing to the third and fourth chambers 50 
from dissimilar radial positions in the first fluid chamber so 
that a pressure differential in the third and fourth chambers 
corresponds to a radial pressure gradient in the first fluid 
chamber. The fluid in the first fluid chamber can be rotated 
with the shaft to form a radial pressure gradient in the first 55 
fluid chamber corresponding to a rotational speed of the 
shaft. 

According to one aspect of the method, a second seal 
member is adjustable in an axial direction between open and 
closed positions. Hie second seal member has a first side 60 
directed toward the first seal member and an opposite second 
side directed toward a step surface extending generally 
radially outward from the shaft. The second seal member is 
adjustable in the axial direction so that the second seal 
member in the open position defines a space between the 65 
second side of the second seal member and the step surface, 
and the second seal member in the closed position contacts 
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the step surface to close the space. A source of pressurized 
barrier fluid is selectively fluidly connected to the second 
chamber to transmit the barrier fluid to the second seal 
member and thereby adjust the second seal member to the 
open position so that the barrier fluid flows through the 
passage between the second seal member and the shaft. A 
spring or other bias member biases the second seal member 
toward the step surface so that the second seal member is 
adjusted to the closed position when the source of pressur- 
ized barrier fluid is disconnected from the second chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages and features of the 
invention, and the manner in which the same are accom- 
plished, will become more readily apparent upon consider- 
ation of the following detailed description of the invention 
taken in conjunction with the accompanying drawings, 
which illustrate preferred and exemplary embodiments, but 
which are not necessarily drawn to scale, wherein: 

FIG. 1 is a section view illustrating a pressure-actuated 
shaft seal assembly for controlling the flow of fluids along 
a shaft according to one embodiment of the present inven- 
tion, shown with first and second seal members in closed 
positions; 

FIG. 2 is a section view illustrating the shaft seal assem- 
bly of FIG. 1 with the first and second seal members in open 
positions; and 

FIG. 3 is a section view illustrating a pressure-actuated 
shaft seal assembly for controlling the flow of fluids along 
a shaft according to another embodiment of the present 
invention, shown in an open position. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention now will be described more fully 
hereinafter with reference to the accompanying drawings, in 
which preferred embodiments of the invention are shown. 
This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodi- 
ments set forth herein; rather, these embodiments are pro- 
vided so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to those 
skilled in the art. Like numbers refer to like elements 
throughout. 

Referring to FIG. 1, there is shown a pressure-actuated 
shaft seal assembly 10 according to one embodiment of the 
present invention. The seal assembly 10 can be used for 
forming a seal between first and second sides 12, 14 of the 
seal assembly 10. For example, the seal assembly 10 can be 
used in a turbopump for a rocket engine with the first side 
12 directed toward the pump and the second side 14 directed 
toward the turbine of the turbopump so that the seal assem- 
bly 10 maintains a fluid seal therebetween. Alternatively, the 
seal assembly 10 can be used in devices for various other 
applications, such as for forming seals between shafts, 
housings, or other components that relatively rotate or 
otherwise move in pumps, engines, turbines, and the like. 
Generally, the seal assembly 10 is used to controllably seal 
fluids, e.g., to selectively limit the flow of fluids between 
such components as the pump and turbine of the turbopump. 
It is appreciated that the seal assembly 10 is configurable 
according to the shape, configuration, and design require- 
ments of a device that requires a full or partial fluid seal 
during various modes of operation of the device. 
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Hie seal assembly 10 includes a housing 16, which can be 
a unitary member or can be formed of a number of 
assembled portions. In either case, the housing 16 defines a 
bore therethrough for receiving a rotatable member, such as 
the shaft 20 that can mechanically comiect the pump and 5 
turbine of a turbopump. The housing 16 is typically fixedly 
positioned relative to an outer housing of the turbopump, 
while the rotatable member 20, which extends in an axial 
direction through the seal assembly 10, can be rotated. A 
fluid can be provided on one or both sides 12, 14 of the seal to 
assembly 10, and the seal assembly 10 generally controls the 
flow of the fluid(s) between the sides 12, 14 of the seal 
assembly 10. In the embodiment illustrated in FIG. 2, a fluid 
that is being pumped by the pump is provided at the first side 
12 of the seal assembly 10 in a first chamber 30. The seal 15 
assembly 10 controls the flow of the fluid from the first 
chamber 30 and a second chamber 32 at the second side 14 
of the seal assembly 10 to a drain 70. 

A slinger 40 in the first chamber 30 is connected to the 
shaft 20 and configured to rotate with the shaft 20. Blades 42 20 
of the slinger 40 extend radially outward from the shaft 20 
and rotate the fluid in the first chamber 30 as the shaft 20 
rotates. Thus, the slinger 40 forms a radial pressure gradient 
in the first fluid chamber 30 that corresponds to a rotational 
speed of the shaft 20. That is, as the rotational speed of the 25 
shaft 20 increases, an increasing pressure differential is 
established within the fluid in the first chamber 30, with 
higher pressures occurring at radial positions further from 
the shaft 20. 

A first seal member 50 is disposed proximate to the first 30 
chamber 30 and configured to be selectively adjusted 
between open and closed positions. The seal member 50 
extends circumferentially around the shaft 20, and the seal 
member 50 and shaft 20 define an annular passage 52 
therebetween. In the closed position, the seal member 50 is 35 
adjusted toward the first chamber 30 so that a seal dam 54 
contacts the slinger 40 to prevent fluid from the first chamber 
30 from flowing through the passage 52. The seal dam 54 
can be configured to form a seal with the slinger 40, and can 
be formed of a rigid, heat resistant material such as carbon. 40 
In the open position (FIG. 2), the seal member 50 is adjusted 
away from the slinger 40 so that the seal dam 54 and the 
slinger 40 define a space 56 therebetween. It is appreciated 
that the seal member 50 can alternatively be sealed against 
a different rotational member, such as a shoulder or sleeve 45 
on the shaft 20. In any case, the first seal member 50 can be 
closed when the shaft 20 is stationary or rotating at slow 
speeds to prevent the fluid from flowing from the first 
chamber 30 through the passage 52. At higher speeds of 
operation, the slinger 40 can rotate the fluid in the first 50 
chamber 30 at a sufficient speed so that the fluid is slung to 
the radially outward portion of the chamber 30, with little or 
no fluid at the radially inward portion of the chamber 30 
proximate to the seal dam 54. Thus, the seal member 50 can 
be opened at higher operational speeds without significant 55 
flow of the fluid through the passage 52. Any fluid that does 
flow through the passage 52 can flow through the drain 70, 
from winch the fluid is discharged through a drain passage 
72 extending through the housing 16, e.g., to be vented to the 
environment or to be recirculated for reuse. 60 

As shown in FIG. 1, the seal member 50 and housing 16 
cooperatively define third and fourth chambers 34, 36, 
which are separated by a flange 58 of the seal member 50. 
The flange 58 defines opposite surfaces 60, 62, which are 
directed toward the respective chambers 34, 36. Thus, a 65 
pressure differential between the fluids in the third and 
fourth chambers 34, 36 tends to adjust the seal member 50 
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between the open and closed positions. The opposite sur- 
faces 60, 62 of the flange 58 need not be equal in size. That 
is, the area of the surface 62 directed toward the fourth 
chamber 36 can be about equal to the sum of the area of the 
opposite surface 60 and a portion 64 of the seal member 50 
that is exposed to the fluid in the first chamber 30 when the 
seal member 50 is closed. Further, a spring 66 or other 
mechanical bias member can be provided to bias the seal 
member 50 to the closed position. 

As shown in FIG. 1, the seal member 50 can define a port 
68 extending between a radially inward portion of the first 
chamber 30 and the fourth chamber 36 so that the pressure 
in the fourth chamber 36 is about equal to the pressure in the 
radially inward portion of the first chamber 30. The housing 
16 can define a port 18 that extends between a radially 
outward portion of the first chamber 30 and the third 
chamber 34 so that the pressure in the third chamber 34 is 
about equal to the pressure in the radially outward portion of 
the first chamber 30. At low operational speeds, including 
when the shaft 20 is stationary, the pressure gradient in the 
first chamber 30 is zero or not substantial and the opposing 
fluid forces on the seal member 50 are about equal. The 
balance of pressure between the opposite sides of the seal 
member 50 is generally a result of an annular seal devices 
120a being disposed at a radial position that is about the 
same as the seal dam 54. Thus, the spring 66 keeps the seal 
member 50 in the closed position so that fluid is prevented 
from flowing to the passage 52, regardless of the pressure of 
the fluid in the first chamber 30. At high operational speeds, 
the radial pressure gradient in the first chamber 30 increases 
so that the fluid delivered through the port 18 to the third 
chamber 34 is higher than the pressure of the fluid delivered 
through the port 68 to the fourth chamber 36. As the pressure 
differential in the chambers 34, 36 increases, and the imbal- 
ance of the resulting opposing fluid forces on the seal 
member 50 increases, the bias of the spring 66 is overcome 
and the seal member 50 is adjusted to the open position. 
Thus, the wear and heat associated with contact between the 
seal dam 54 and the slinger 40 at high operational speeds can 
be avoided or reduced by selectively opening the seal 
member 50. Further, it is appreciated that the opening and 
closing of the seal member 50 is determined in part by such 
parameters as the configuration of the ports 18, 68, the sizes 
of the chambers 30, 34, 36 and flange surfaces 60, 62, the 
configuration of the spring 66, and the like. Such parameters 
can be designed according to the desired operational aspects 
of the seal member 50 including the conditions under which 
the seal member 50 opens and closes. 

While each of the third and fourth chambers 34, 36 is 
connected to the first fluid chamber 30 in the embodiment 
illustrated in FIG. 1, it is appreciated that the third and/or 
fourth chambers 34, 36 can alternatively be connected to 
other fluid sources. For example, the chambers 34, 36 can be 
connected to other fluid sources that provide pressures that 
vary with the speed of the shaft 20, such as a connection to 
the pumped fluid output of the pump. Generally, the third 
chamber 34 can be fluidly connected to a pressure source 
that varies with the speed of the shaft 20 so that the seal 
member 50 is adjusted to the open position when the speed 
of the shaft 20 increases. Additionally, or alternatively, the 
fourth chamber 36 can be fluidly connected to a pressure 
source that varies with the speed of the shaft 20 so that, 
although a change in speed of the shaft 20 may increase the 
pressure at the seal dam 54, the seal member 50 can be 
adjusted toward the first chamber 30 to the closed position 
with a relatively constant force regardless of the speed of the 
shaft 20. Alternatively, one or both of the fluid chambers 34, 



US 7,249,768 B2 


7 

36, can be connected to other fluid sources that are provided 
for independently controlling the adjustment of the seal 
member 50. For example, the fourth chamber 36 can be 
connected to the first chamber 30 as shown, and the port 18 
can extend from the third chamber 34 to another fluid source 5 
that is provided for controlling the operation of the seal 
member 50 (See FIG. 3). Also, instead of the slinger 40, a 
clearance seal may be provided between fluid chambers 30, 

70 to restrict flow in the open position. 

The seal assembly 10 can include additional or alternate to 
seal members, which can also be adjustable. In this regard, 
the seal assembly 10 of FIGS. 1 and 2 includes a second seal 
member 80 disposed between the drain 70 and the second 
chamber 32. The second seal member 80 includes a sub- 
housing 82 that extends circumferentially around the shaft 15 
20. A ring seal 84 disposed in the sub-housing 82 includes 
outer and inner rings 86, 88. The outer ring 86 is connected 
to the sub-housing 82 by one or more tangs 90 that extend 
radially outward. The inner ring 88 is disposed within the 
outer ring 86 and connected thereto. The inner ring 88, 20 
which can be formed of a rigid, heat resistant material such 
as carbon, defines a surface 92 directed toward the shaft 20 
and configured in close proximity to the shaft 20 to define a 
clearance fit. That is, the surface 92 does not contact the 
shaft 20 but is configured to define a passage 94 that is 25 
sufficiently small to restrict flow therethrough to a controlled 
rate. For example, the passage 94 can be sufficiently small 
to restrict the flow of the fluid therethrough to a predeter- 
mined rate for a given fluid pressure differential across the 
passage 94, or the passage 94 can be sufficiently small to 30 
establish a particular pressure differential across the passage 
94 for a given flow rate. The seal ring 84 can be held in the 
sub-housing 82 by a retaining clip 96, and one or more 
wave-spring washers 98 can be provided between the seal 
ring 84 and the retaining clip 96 to secure the seal ring 84 35 
therein. 

The second seal member 80 is axially adjustable between 
open and closed positions. In the closed position (FIG. 1), 
seal member 80 is adjusted toward the second chamber 32 
so that the ring seal 84 contacts a step surface 22 of the shaft 40 
20. For example, the step surface 22 can be a shoulder or 
sleeve on the shaft 20 that extends substantially radially 
outward therefrom. An outer radial surface 81 of the second 
seal member 80 is sealed with the housing 16 by an annular 
seal devices 1206. The outer radial surface 81, and the seal 45 
device 1206, can be prevent the flow of fluid between the 
outer surface 81 and the housing 16 so that the opposite sides 
of the seal member 80 can be exposed to different fluid 
pressures, which can actuate the movement of the seal 
member 80. The ring seal 80 is biased to the closed position 50 
by a spring 100 or other mechanical bias member, and the 
seal ring 84 and the step surface 22 can substantially prevent 
the flow of fluid through the passage 94 in the closed 
position. The seal ring 84 can be adjusted to the open 
position (FIG. 2), i.e., toward the first seal member 50, by a 55 
fluid force provided by a pressurized barrier fluid in the 
second chamber 32. In the second position, the seal ring 84 
and the step surface 22 define a space 102 therebetween. The 
second chamber 32 is configured to receive the barrier fluid 
through a passage 38 that extends through the housing 16 to 60 
a pressurized source, e.g., a vessel of pressurized fluid or a 
device for pressurizing the fluid. 

The pressurized fluid can also flow from the second 
chamber 32 in a direction opposite the seal member 80, e.g., 
toward the turbine of the turbopump at the second side of the 65 
assembly 10. For example, a turbine seal 110 can be pro- 
vided to prevent the flow of fluids from the turbine into the 
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second chamber 32. The turbine seal 110 can be a conven- 
tional seal or a seal similar to one of those described herein. 
Typically, the turbine seal 110 is a clearance seal, and the 
barrier fluid can be supplied to the second chamber 32 
during operation of the turbopump so that the barrier fluid 
flows through the clearance of the turbine seal 110 and 
prevents the flow of fluids from the turbine from entering the 
chamber 32. In addition, the barrier fluid can be selected 
according to the fluids flowing in the turbine so that the 
addition of the barrier fluid to the turbine does not negatively 
impact the operation of the turbine. The barrier fluid can be 
provided as a liquid or gas and, in some cases, the barrier can 
include inert fluids such as helium, nitrogen, and/or argon. In 
any case, a valve or other control mechanism can be 
disposed between the barrier fluid source and the second 
chamber 32 so that the control mechanism can adjust the 
flow and/or pressure of the barrier fluid provided to the 
chamber 32. 

O-rings or other annular seal devices 120 (including 120a 
and 1206) can be provided at various locations throughout 
the seal assembly such as between the seal members 50, 80 
and the housing 16 to prevent leakage to or from the various 
fluid chambers 30, 32, 34, 36, 70. For example, the annular 
seal devices 120 can be OmniSeal® seals, a registered 
trademark of Saint-Gobain Performance Plastics Corp. of 
Wayne, N.J. 

As described herein, the seal assembly 10 can maintain a 
seal between the first and second chambers 30, 32 during 
various modes of operation. Typically, when the shaft 20 is 
stationary or rotating at a slow speed, the first and second 
seal members 50, 80 are adjusted to the closed positions. 
That is, the first seal member 50 is adjusted axially toward 
the first chamber 30 so that the seal dam 54 contacts the 
slinger 40 and forms a seal therewith to prevent fluid in the 
first chamber 30 from flowing through the passage 52. The 
second seal member 80 is adjusted toward the second 
chamber 32 so that the inner ring 88 contacts the step surface 
22 of the shaft 20 and forms a seal therewith so that 
contaminants cannot migrate from drain 70 into chamber 32. 
As the rotational speed on the shaft 20 increases, the radial 
pressure gradient in the first chamber 30 increases and the 
first seal member 50 opens so that the seal dam 54 does not 
contact the rotating slinger 40. Further, the pressure of the 
barrier fluid in the second chamber 32 can be increased, e.g., 
by automatically adjusting a valve to connect the source of 
the barrier fluid to the second chamber 32, thereby adjusting 
the seal ring 84 away from the step surface 22. While the 
figures illustrate only open and closed positions, it is appre- 
ciated that the seal members 50, 80 can be adjusted through- 
out a range of positions, i.e., the members 50, 80 can be 
adjusted to various positions according to the operation 
mode of the assembly 10 and the device for which the 
assembly is used for sealing. 

By adjusting the first and second seal members 50, 80 
away from the slinger 40 and the step surface 22 during 
some modes of operation, wear of those components can be 
reduced. Further, frictional heat generation can also be 
reduced. By closing the seal members 50, 80 when the shaft 
20 is not rotating and/or when the shaft 20 is rotating slowly, 
an effective seal can be maintained between the first and 
second chambers 30, 32. Thus, a flow of the fluid from the 
first chamber 30 to the drain 70 and a flow of the barrier fluid 
to the drain 70 can be reduced. 

In other embodiments of the present invention, the seal 
members 50, 80 can be configured to be adjusted in other 
manners during operation of the seal assembly 10. For 
example, as shown in FIG. 3, the first seal member 50 is 
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configured between two chambers such as the first chamber 
30 and the drain 70, and the seal member 50 is configured 
to be adjusted in a direction from the first chamber 30 toward 
the drain 70 to close the passage 52, and in an opposite 
direction from the drain 70 toward the first chamber 30 to 
open the passage 52. That is, the shaft 20 defines a surface 
21 extending radially outward and directed toward the seal 
member 50, and the seal dam 54 of the seal member 50 is 
configured to contact and form a seal with the surface 21. As 
described above in connection with FIGS. 1 and 2, the 
housing and seal member 50 cooperatively define third and 
fourth chambers 34, 36. As illustrated in FIG. 3, the fourth 
chamber 36 is fluidly connected by the port 68 to the drain 
70, and the third chamber 34 is fluidly connected by a port 
18a through the housing 16 to a fluid source 19. The fluid 
source 19 is configured to provide a variable pressure for 
controlling the adjustment of the seal member 50. Thus, with 
a relatively low pressure applied by the source 19 to the third 
chamber 34, the seal member 50 is adjusted to the closed 
position, e.g., by a force provided by the spring 66 and/or a 
pressure provided through port 68. With the seal member 50 
in the closed position, the seal dam 54 seals against the 
surface 21, substantially preventing the flow of fluid through 
the passage 52. Flowever, when a relatively high pressure is 
provided by the source 19, the force of the spring 66 and/or 
the force provided by the fluid in chamber 36 is overcome, 
and the seal member 50 is adjusted to an open position in 
which fluid can flow through the passage 52. 

The assembly 10 can include additional seal members, 
such as the seal member 80 described above. Further, it is 
appreciated that the seal assembly 10 can include either of 
the first and second seal members 50, 80 of the foregoing 
embodiments individually. Alternatively, the various 
embodiments of the seal assembly 10 can include additional 
seals similar to the seal members 50, 80 or other types of 
seals. 

Many modifications and other embodiments of the inven- 
tion will come to mind to one skilled in the art to which this 
invention pertains having the benefit of the teachings pre- 
sented in the foregoing descriptions and the associated 
drawings. Therefore, it is to be understood that the invention 
is not to be limited to the specific embodiments disclosed 
and that modifications and other embodiments are intended 
to be included within the scope of the appended claims. 
Although specific terms are employed herein, they are used 
in a generic and descriptive sense only and not for purposes 
of limitation. 

That which is claimed: 

1. A pressure-actuated shaft seal assembly for controlling 
the flow of a fluid adjacent a rotatable shaft between first and 
second fluid chambers of the assembly, the seal assembly 
comprising: 

a first seal member extending circumferentially around 
the rotatable shaft to define a fluid passage between the 
seal member and the shaft, the seal member being 
adjustable in an axial direction between open and 
closed positions, the seal member in the open position 
configured to define a space fluidly connecting the first 
fluid chamber to the passage between the seal member 
and the shaft, and the seal member in the closed 
position configured to close the space to substantially 
seal the fluid passage and prevent the fluid from flow- 
ing from the first chamber of the assembly through the 
passage; and 

a housing extending circumferentially around the shaft 
and extending between the first and second fluid cham- 
bers, the housing being configured to at least partially 
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receive the first seal member such that the housing 
defines third and fourth fluid chambers on opposite 
sides of a portion of the first seal member; 

wherein the third and fourth chambers are fluidly con- 

5 nected to first and second fluid sources, respectively, 
such that the seal member is configured to be adjusted 
axially between the open and closed positions by a 
pressure differential between the first and second fluid 
sources. 

to 2. A seal assembly according to claim 1 wherein the fourth 
chamber is fluidly connected to the first fluid chamber and 
defined at least partially by a surface of the first seal member 
opposite the first chamber such that fluid in the fourth 
chamber exerts a force to urge the seal member toward the 

15 first chamber. 

3. A seal assembly according to claim 1 wherein the third 
and fourth fluid chambers are connected to the first fluid 
chamber at dissimilar radial positions such that the pressure 
differential corresponds to a radial pressure gradient in the 

20 first fluid chamber. 

4. A seal assembly according to claim 3 wherein the 
housing defines a first port fluidly connecting the third 
chamber to the first chamber at a first radial position and the 
seal member defines a second port fluidly connecting the 

25 fourth chamber to the first chamber at a second radial 
position, the second radial position being radially inward 
relative to the first radial position. 

5. A seal assembly according to claim 3 further compris- 
ing a slinger in the first chamber, the slinger connected to the 

30 shaft and configured to rotate the fluid in the first chamber 
as the shaft rotates, thereby forming a radial pressure gra- 
dient in the first fluid chamber corresponding to a rotational 
speed of the shaft. 

6. A seal assembly according to claim 1 further compris- 

35 ing a mechanical bias member configured to bias the first 

seal member to the closed position. 

7. A seal assembly according to claim 1 wherein the first 
seal member in the closed position is configured to axially 
contact a rotatable member connected to the shaft to thereby 

40 close the space connecting the first fluid chamber to the 
passage. 

8. A seal assembly according to claim 1 wherein the 
housing defines third and fourth fluid chambers on opposite 
sides of a portion of the first seal member, the opposite sides 

45 of the portion of the first seal member defining dissimilar 
areas in the third and fourth chambers, respectively. 

9. A seal assembly according to claim 1 wherein the 
housing defines third and fourth fluid chambers on opposite 
sides of a portion of the first seal member, the third chamber 

50 being fluidly connected to a fluid source, the fluid source 
configured to provide a fluid with a pressure corresponding 
to the speed of the shaft. 

10. A seal assembly according to claim 1 wherein the 
housing defines third and fourth fluid chambers on opposite 

55 sides of a portion of the first seal member, the third chamber 
being fluidly connected to a fluid source, the fluid source 
configured to provide a fluid with a pressure controlled 
independently of the speed of the shaft. 

11. A seal assembly according to claim 1, further com- 

60 prising: 

a second seal member extending circumferentially around 
the rotatable shaft and proximate to the shaft to define 
a fluid passage between the second seal member and 
the shaft, the second seal member having a first side 

65 directed toward the first seal member and an opposite 
second side directed toward a step surface extending 
generally radially outward from the shaft, the second 
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seal member being adjustable in an axial direction 
between open and closed positions such that the second 
seal member in the open position is configured to define 
a space between the second side of the second seal 
member and the step surface, and the second seal 
member in the closed position is configured to contact 
the step surface to close the space; 

a barrier fluid passage at the second side of the second seal 
member and configured to be selectively fluidly con- 
nected to a source of pressurized barrier fluid to trans- 
mit the barrier fluid to the second seal member, the 
second seal member being configured to be adjusted to 
the open position by a pressure of the barrier fluid in the 
barrier fluid passage; and 

a mechanical bias member configured to bias the second 
seal member toward the step surface such that the 
mechanical bias member adjusts the second seal mem- 
ber to the closed position when the source of pressur- 
ized barrier fluid is disconnected from the barrier fluid 
passage to thereby close the space and substantially 
seal the fluid passage between the second seal member 
and the shaft to prevent fluid from flowing there- 
through, 

wherein the housing defines a drain disposed between the 
first and second seal members, the drain being config- 
ured to receive fluid from the passages of the seal 
members. 

12 . A seal assembly according to claim 11 wherein the 
second seal member defines a surface directed toward the 
shaft and at least partially defining the fluid passage between 
the second seal member and the shaft, the surface being 
disposed proximate to the shaft such that the barrier fluid 
flows therethrough at a controlled rate when the second seal 
member is in the open position. 

13 . A seal assembly according to claim 11 wherein the 
second seal member is configured to adjust to the open 
position in a direction away from the second chamber when 
the barrier fluid is provided to the second chamber at a 
predetermined minimum pressure. 

14 . A seal assembly according to claim 11 wherein the 
second seal member is a substantially rigid member config- 
ured to adjust between the open and closed positions without 
significant deformation. 

15 . A pressure-actuated shaft seal assembly for control- 
ling the flow of a fluid adjacent a rotatable shaft between first 
and second fluid chambers of the assembly, the seal assem- 
bly comprising: 

a first seal member extending circumferentially around 
the rotatable shaft to define a fluid passage between the 
first seal member and the shaft, the first seal member 
being adjustable in an axial direction between open and 
closed positions, the first seal member in the open 
position configured to define a space fluidly connecting 
the first fluid chamber to the passage between the first 
seal member and the shaft, and the first seal member in 
the closed position configured to close the space to 
substantially seal the fluid passage and prevent the fluid 
from flowing from the first chamber of the assembly 
through the passage; 

a second seal member extending circumferentially around 
the rotatable shaft and proximate to the shaft to define 
a fluid passage between the second seal member and 
the shaft, the second seal member having a first side 
directed toward the first fluid chamber, an opposite 
second side directed toward a step surface extending 
generally radially outward from the shaft, and an outer 
surface directed radially outward from the shaft, the 
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second seal member being adjustable in an axial direc- 
tion between open and closed positions such that the 
second seal member in the open position is configured 
to define a space between the second side of the second 
5 seal member and the step surface, and the second seal 
member in the closed position is configured to contact 
the step surface to close the space; 

a housing extending circumferentially around the shaft 
and extending between the first and second fluid charn- 
to bers, the housing defining a barrier fluid passage at the 
second side of the second seal member and configured 
to be selectively fluidly connected to a source of 
pressurized barrier fluid to transmit the barrier fluid to 
the second seal member such that the second seal 
15 member is configured to be adjusted to the open 
position by a pressure of the barrier fluid in the barrier 
fluid passage, the housing being configured to at least 
partially receive the first seal member such that the 
housing defines third and fourth fluid chambers on 
20 opposite sides of a portion of the first seal member, 
wherein the third and fourth chambers are fluidly 
connected to first and second fluid sources, respec- 
tively, such that the first seal member is configured to 
be adjusted axially between the open and closed posi- 
25 tions by a pressure differential between the first and 
second fluid sources; 

a sealing ring disposed between the outer surface of the 
second seal member and the housing, the sealing ring 
being configured to substantially prevent the flow of 
30 fluid between the outer surface of the second seal 
member and the housing; and 

a mechanical bias member configured to bias the second 
seal member toward the step surface such that the 
mechanical bias member adjusts the second seal mem- 
35 her to the closed position when the source of pressur- 
ized barrier fluid is disconnected from the barrier fluid 
passage to thereby close the space and substantially 
seal the fluid passage between the second seal member 
and the shaft to prevent fluid from flowing there- 
40 through. 

16. A seal assembly according to claim 15 wherein the 
second seal member defines a surface directed toward the 
shaft and at least partially defining the fluid passage between 
the second seal member and the shaft, the surface being 

45 disposed proximate to the shaft such that the barrier fluid 
flows therethrough at a controlled rate when the second seal 
member is in the open position. 

17. A seal assembly according to claim 15 wherein the 
second seal member is configured to adjust to the open 

50 position in a direction away from the second chamber when 
the barrier fluid is provided to the second chamber at a 
predetermined minimum pressure. 

18. A seal assembly according to claim 15 wherein the 
second seal member is a substantially rigid member config- 

55 ured to adjust between the open and closed positions without 
significant deformation. 

19. A method of controlling the flow of a fluid adjacent a 
rotatable shaft between first and second fluid chambers on 
opposite sides of a pressure-actuated shaft seal assembly, the 

60 method comprising: 

providing a housing extending circumferentially around 
the shaft and extending between the first and second 
fluid chambers; 

providing a first seal member at least partially in the 
65 housing such that the housing defines third and fourth 
fluid chambers on opposite sides of a portion of the first 
seal member, the first seal member being adjustable in 
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an axial direction between open and closed positions, 
the first seal member in the open position configured to 
define a space fluidly connecting the first fluid chamber 
to a fluid passage extending between the first seal 
member and the shaft, and the first seal member in the 
closed position configured to close the space to sub- 
stantially seal the fluid passage and prevent the fluid 
from flowing through the passage; and 

selectively providing fluid to the third and fourth cham- 
bers and thereby adjusting the first seal member axially 
between the open and closed positions. 

20. A method according to claim 19 wherein said selec- 
tively providing step comprises providing the fluid from the 
first fluid chamber to the fourth fluid chamber such that the 
fluid in the fourth chamber exerts a force to urge the seal 
member toward the first chamber. 

21. A method according to claim 19 said selectively 
providing step comprises providing the fluid from the first 
fluid chamber to the third and fourth fluid chambers, the 
fluid flowing to the third and fourth chambers from dissimi- 
lar radial positions in the first fluid chamber such that a 
pressure differential in the third and fourth chambers corre- 
sponds to a radial pressure gradient in the first fluid chamber. 

22. A method according to claim 19 wherein said selec- 
tively providing step comprises rotating the fluid in the first 
fluid chamber with the shaft and thereby fonning a radial 
pressure gradient in the first fluid chamber corresponding to 
a rotational speed of the shaft. 

23. A method according to claim 19 further comprising 
biasing the first seal member to the closed position with a 
mechanical bias member. 

24. Amethod according to claim 19 wherein said selective 
providing step comprises axially adjusting the first seal 
member against a rotatable member connected to the shaft to 
thereby close the space connecting the first fluid chamber to 
the passage. 

25. Amethod according to claim 19 wherein said selective 
providing step comprises fluidly connecting a fluid source to 
the third chamber, the fluid source configured to provide a 
fluid with a pressure corresponding to the speed of the shaft. 

26. Amethod according to claim 19 wherein said selective 
providing step comprises fluidly connecting a fluid source to 
the third chamber, the fluid source configured to provide a 
fluid with a pressure controlled independently of the speed 
of the shaft. 

27. A method according to claim 19, further comprising: 

providing a second seal member adjustable in an axial 

direction between open and closed positions, the sec- 
ond seal member having a first side directed toward the 
first seal member and an opposite second side directed 
toward a step surface extending generally radially 
outward from the shaft, the second seal member being 
adjustable in an axial direction between open and 
closed positions such that the second seal member in 
the open position is configured to define a space 
between the second side of the second seal member and 
the step surface, and the second seal member in the 
closed position is configured to contact the step surface 
to close the space; 

selectively fluidly connecting a source of pressurized 
barrier fluid to the second chamber to transmit the 
barrier fluid to the second seal member and thereby 
adjust the second seal member to the open position 
such that the barrier fluid flows through the passage 
between the second seal member and the shaft; 

biasing the second seal member toward the step surface 
with a mechanical bias member such that the mechani- 
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cal bias member adjusts the second seal member to the 
closed position when the source of pressurized barrier 
fluid is disconnected from the second chamber to 
thereby close the space between the second seal mem- 
5 ber and the step surface and substantially seal the fluid 
passage between the second seal member and the shaft 
to prevent fluid from flowing therethrough; and 

receiving fluid flowing through the passages of the first 
and second seal members to a drain between the first 
to and second seal members. 

28. A method according to claim 27, further comprising 
providing the second seal member as a substantially rigid 
member configured to adjust between the open and closed 
positions without significant deformation. 

15 29. A method according to claim 19, further comprising 

receiving fluid flowing through the passages of the first and 
second seal members to a drain between the first and second 
seal members. 

30. A method according to claim 19, further comprising: 
20 providing a second seal member adjustable in an axial 

direction between open and closed positions, the sec- 
ond seal member having a first side directed toward the 
first seal member and an opposite second side directed 
toward a step surface extending generally radially 
25 outward from the shaft, the second seal member being 
adjustable in an axial direction between open and 
closed positions such that the second seal member in 
the open position is configured to define a space 
between the second side of the second seal member and 
30 the step surface, and the second seal member in the 
closed position is configured to contact the step surface 
to close the space; 

selectively fluidly comiecting a source of pressurized 
barrier fluid to the second chamber to transmit the 
35 barrier fluid to the second seal member and thereby 
adjust the second seal member to the open position 
such that the barrier fluid flows through the passage 
between the second seal member and the shaft; and 

biasing the second seal member toward the step surface 
40 with a mechanical bias member such that the mechani- 
cal bias member adjusts the second seal member to the 
closed position when the source of pressurized barrier 
fluid is disconnected from the second chamber to 
thereby close the space between the second seal mem- 
45 ber and the step surface and substantially seal the fluid 
passage between the second seal member and the shaft 
to prevent fluid from flowing therethrough. 

31. A method of controlling the flow of a fluid adjacent a 
rotatable shaft between first and second fluid chambers on 

50 opposite sides of a pressure-actuated shaft seal assembly, the 
method comprising: 

providing a housing extending circumferentially around 
the shaft and extending between the first and second 
fluid chambers; 

55 providing a seal member at least partially in the housing 
such that the housing defines third and fourth fluid 
chambers on opposite sides of a portion of the first seal 
member, the first seal member extending circumferen- 
tially around the rotatable shaft and proximate to the 
60 shaft to define a fluid passage between the seal member 
and the shaft, the seal member having a first side 
directed toward the first fluid chamber, an opposite 
second side directed toward a step surface extending 
generally radially outward from the shaft, and an outer 
65 surface directed radially outward from the shaft, the 
seal member being adjustable in an axial direction 
between open and closed positions such that the seal 
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member in the open position is configured to define a 
space between the second side of the seal member and 
the step surface, and the seal member in the closed 
position is configured to contact the step surface to 
close the space; 

selectively fluidly connecting a source of pressurized 
barrier fluid to the second chamber to transmit the 
barrier fluid to the seal member and thereby adjust the 
seal member to the open position such that the barrier 
fluid flows through the passage between the seal mem- 
ber and the shaft; 

biasing the seal member toward the step surface with a 
mechanical bias member such that the mechanical bias 
member adjusts the seal member to the closed position 
when the source of pressurized barrier fluid is discon- 
nected from the second chamber to thereby close the 
space between the seal member and the step surface 
and substantially seal the fluid passage between the seal 
member and the shaft to prevent fluid from flowing 
therethrough; and 

receiving fluid flowing through the fluid passage between 
the seal member and the shaft to a drain extending 
through the housing from the first chamber. 

32. A method according to claim 31, further comprising 
providing the seal member as a substantially rigid member 
configured to adjust between the open and closed positions 
without significant deformation. 

33. A method of controlling the flow of a fluid adjacent a 
rotatable shaft between first and second fluid chambers on 
opposite sides of a pressure-actuated shaft seal assembly, the 
method comprising: 

providing a first seal member being adjustable in an axial 
direction between open and closed positions, the first 
seal member in the open position configured to define 
a space fluidly connecting the first fluid chamber to a 
fluid passage extending between the first seal member 
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and the shaft, and the first seal member in the closed 
position configured to close the space to substantially 
seal the fluid passage and prevent the fluid from flow- 
ing through the passage; and 

5 selectively providing fluid from the first chamber to third 
and fourth fluid chambers on opposite sides of a portion 
of the first seal member, the fluid flowing to the third 
and fourth chambers from dissimilar radial positions in 
the first fluid chamber such that a pressure differential 
1° in the third and fourth chambers corresponds to a radial 
pressure gradient in the first fluid chamber, thereby 
adjusting the first seal member axially between the 
open and closed positions. 

34. A method of controlling the flow of a fluid adjacent a 
15 rotatable shaft between first and second fluid chambers on 
opposite sides of a pressure-actuated shaft seal assembly, the 
method comprising: 

providing a first seal member being adjustable in an axial 
direction between open and closed positions, the first 
seal member in the open position configured to define 
a space fluidly connecting the first fluid chamber to a 
fluid passage extending between the first seal member 
and the shaft, and the first seal member in the closed 
position configured to close the space to substantially 
seal the fluid passage and prevent the fluid from flow- 
ing through the passage; 

selectively providing fluid to third and fourth chambers on 
opposite sides of a portion of the first seal member and 
3( ) thereby adjusting the first seal member axially between 
the open and closed positions; and 

receiving fluid flowing through the passages of the first 
and second seal members to a drain between the first 
and second seal members. 

35 



